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"Time Is a device that was invented to keep everything
from happening at once."
- Graffiti on a wall at Cambridge University
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PHYSICS




THIS SIMPLIFIED MODEL IS
VERY APPEALING T0 US
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DOES IT
WORK?

ONCURRENCY
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Jint Gray's
SAVE THE DAY




Junt Gray's

N -, TRANSACTIONS

SAVE THE DAY









But don't be surprised
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"The future is a function of the past.”
- . P. Robertson
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"The (local) present is a merge function of
multiple concurrent pasts.”
— Me




newLocalPresent = observedPasts.
foldLeft(oldLocalPresent) { _ merge _ }



EXPLICITLY MODEL

LOCAL PRESENT
FACTS DERIVED

MERGING
CONCURRENT PASTS




INFORMATION 1S ALWAYS FROM THE PAST
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EINSTEIN
PHYSICS






THE COST OF MAINTAINING
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Concurrency




AS LATENCY

ILLUSION CRAC
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THE NETWORK IS RELIABLE..



"If a tree falls in a forest and no one I around to hear it, does it make a
sound?”



rwation CAN (and will) GET LOST




HOW DO WE DEAL WITh

IN REAL LIFE?




WE USE A SIMPLE PROTOCOL OF
Couinrm Wau: & Repeat

O
/ ‘ " l b
\ . "
. il
; il
: : r.] DR 5;
‘\ .- ' > :
« : : S
\ 4 i -
L -
y l A’ &
# ) ' Q,
- \{"‘
a*‘ §
|
—_ » !



We, ull it THE BLANKS
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..AND IF WE ARE WRONG, WE TAKE
COMPENSATING ACTION

APOLOGY-ORIENTED PROGRAMMING - PAT HELLAND (IN MEMORIES, GUESSES, AND APOLOGIES)




Cant we REWRITE TRE PASTY?



The bottomt line.:

SINGLE GLOBALLY CONSISTENT

PRESENT




Should we, just GIVE UP?
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WE NEED
TIME

FIRST CLASS




WHAT IS TINE, roally”



TIME
SUCGESSION

CAUSALLY RELATED












"A'kact is something that truly exists or happens: something that has
actual existence, a true piece of information."



IMMUTABILITY
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30, A0 Vorables

HAVE A PURPOSE IN LIFE?




"The assignment statement Is the von Neumann bottleneck of
programming languages and keeps us thinking in word-at-a-time terms
In much the same way the computer's bottleneck does."
~ John Backus (Turing Award lecture 1977)



MUTABLE STATE
NEEDS T0 BE
CONTAINED



OK, but how should we
MANAGE FACTS?




PROGRAMMING ,
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DELETE
FAGTS




"When bookkeeping was done with clay tablets or paper and ink,
accountants developed some clear rules about good accounting
practices.
In the books. The
books are thus a complete history of the transactions of the business.
It
violates traditional accounting practices that have been observed for
hundreds of years."






"Database Is a cache of a subset of the log."









Allows us to slift our foeus fromt

DATA AT REST, 0
DATA [/ MOTION







CONSTRUCTING A SUFFICIENTLY CONSISTENT

LOCAL PRESENT

MEANS EMPLOYING
CONSISTENCY MECHANISMS







DECOMPOSE

CONSISTENCY BOUNDARIES



INSIDE DATA:

OUTSIDE DATA:
BETWEEN SERVICES:

(DATA ON THE INSIDE VS DATA ON THE OUTSIDE)




MONOLTTHTC/LAYERED MICRO SERVICES



AGEREGATE Root










BETWEEN THE

IT'S A L00
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CONSENSUS IS IMPOSSIBLE



PROTOCOLS CLIMB THE LADDER OF KNOWLEDGE

Gp: Common Knowledge (infinite number of i)
Eicp: (Everyone knows * i) @
E3p: (Everyone knows * 3) @
E2cp: Everyone knows Everyone knows @
Eldp: Everyone knows ¢
Scb: Someone knows @



COMMON KNOWLEDGE

1 NOT ATTAINABLE VIA PROTOGOL

EEEEEEEEEEEEE




[ ]
—
—
D
D
| e
.
——
D
—
| el )
——
L]
—
S/
D
——
[ e )
[ el )




"Psychotics are consistenly inconsistent. The essence of sanity Is to be






"The first principle of successful scalability is to batter the consistency
mechanisms down to a minimum.”



EVENTUAL

What does it really wean?



Tiackiig TIME is trackiig CAUSALITY



RELYING ON

TIMESTAMPS
IS A BAD IDEA




0d, Kol on




Lomport
CLOCKS

GLOBAL CAUSAL ORDERING BETWEEN




\ector
CLOCKS

PARTIAL CAUSAL ORDERING BETWEEN EVENTS
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GONFLICT-FREE REPLICATED DATA TYPES




DISORDERLY PROGRAMMING
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HISTORY 1S THE FICTION
E INVENT TO PERSUADE
QURSELVES THAT ENVENTS
ARE KNOWARLE AND THAT
LIFE HAS QRDER
AND DIRECTION,




Lipe BEYOND
the |LLUSION
oy PRESENT

Jonas Boner
GT0 Typesafe
@jboner





